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Perspective and Background

The MARS (Monterey Accelerated Research System) cabled observatory, one part of th NSF Ocean Observatories Initiative (OOI), represents the next step toward harnessing the promise of new power and communication technologies to provide a remote, continuous, long-term, high-power, large-bandwidth infrastructure for multidisciplinary, in situ exploration, observation, and experimentation in the deep sea. MARS will be located in Monterey Bay offshore the Monterey Bay Aquarium Research Institute (MBARI). It will include one science node on 62 km of submarine cable with expansion capability for more nodes in the future. The science node will provide 4 science ports, and each port will have a 100-Mbit-persecond, bi-directional telemetry channel. The node will have the ability to deliver a total of 10 kW of power to the 4 ports. “Extension” cables can be plugged into any science port to provide power and communications up to 100 km away from the original node using the most cost effective deployment vehicle from several options including MBARI’s ROVs, ships of opportunity, or UNOLS class I, II, III or IV fleet vessels. 

In our design for MARS we are considering the needs of two types of users: 1) technically sophisticated users developing new instrumentation that makes use of the observatory resources and provides unprecedented capabilities, and 2) scientists using standard oceanographic instrumentation in traditional or novel ways. To provide a simple, consistent and well documented interface between MARS and any instrument, the observatory infrastructure includes science instrument interface modules (SIIMs). Several versions of this SIIM will be made available to users at little or no cost. One class of the SIIM will be a very small circuit board either type of user will be able to imbed or attach to an instrument. The user side of the SIIM will have an Ethernet port for instruments intended to take full advantage of the observatory functionality, as well as a RS232/422 port for more traditional instruments. The SIIM will provide all the software and physical layer hardware necessary to connect to and communicate with MARS. In addition, we will provide generic software drivers, utilities, and a programmer’s guide that defines all the details necessary to properly interface an instrument to MARS. 

The initial deployment of MARS and future observatories will not be able to put science ports at every site of scientific interest or support all the instruments that PIs will require over the 30 year life of these systems in a cost effective manner. To minimize the cost of adding new science ports after the initial deployment of the observatory, we are including the design of a second class of SIIM in the baseline MARS architecture. These multiplexing SIIMs (a.k.a. secondary junction box, NSF proposal by Sanford, Howe, and Luther under review, coordinated development), in conjunction with the science port extension cords, minimize the cost of adding new science ports to the originally deployed infrastructure when and where needed. A PI can connect a suite of new and/or traditional instruments to a single science port using a multiplexing SIIM. Alternatively, multiple units can be connected in arrays of arbitrary topology to provide a large number of distributed instrument interfaces, up to the 100 Mb/s data rate and 5 kW power rating of the original science port.

General Capabilities

The module must provide a communications bridge between RS-232/422/485 on an instrument and 10/100base-T Ethernet on the MARS node.  The module must also provide a direct Ethernet interface for those instruments capable of taking full advantage of the MARS node Ethernet interface.  The instrument may be located some distance away from the MARS node, so the SIIM must provide a method of relaying communications and timing over a fiber optic conductor or multiple fiber optic conductors.  

The delivered SIIM will provide all of the software and physical layer hardware necessary for an instrument to connect to and communicate with MARS as well as documentation, drivers and utilities necessary to properly interface the instrument to MARS.  

Provide a method of multiplexing multiple instruments to a single MARS node science port.

It will provide a method of passing timing information from the MARS node through to the instrument.

General Constraints

The module must be compatible with the MARS subsystems both in the sea and on the shore.  It must be deployable by any of the MBARI ROVs.  The module must be rated for any depth along the length of the MARS cable and 100km beyond the end of the cable.  The module must be compatible with oceanographic instruments.

User Characteristics

Within the MARS project we are considering the needs of two types of users: 1) technically sophisticated users developing new instrumentation that makes use of the observatory resources and provides unprecedented capabilities, and 2) scientists using standard oceanographic instrumentation in traditional or novel ways. Type 1 users will be very interested in how to interface to and use the SIIM.  Type 2 users will be primarily interested in just plugging an instrument in and seeing the data from the MARS data publishing subsystem.  

Operational Environment


The SIIM will be deployed at a depth of at least 900m of water in the Monterey Bay.  It will be deployed by ROV from a surface ship.  It may be deployed to any depth within 100km, the longest length of an extension cable, of the end of the MARS cable.  The may be deployed next to the MARS node or next to a remote instrument, SIIM may be located in boreholes, benthic mud, gravel or stones.  It may be located on a subsurface buoy or on a cabled benthic rover.   


There may be one or more instruments plugged into the SIIM, and the SIIM will plug into a MARS node science port.  The SIIM may be collocated with the instrument, or it may be separated by some short distance from the instrument.  It is possible that the SIIM may be used near cold or hot underwater vents or seeps.  The SIIM may be requested to interface to any type of underwater scientific instrument, including seismometers, acoustic transponders, CTDs and video cameras.  Current instrument physical interfaces include serial (RS-232/422/485), Ethernet, USB, IEEE-1394, analog (voltage, current, frequency) and inductive, although the SIIM may not interface directly to all of these interfaces.  


On-shore technicians and scientists may want to communicate with an instrument through a MARS science port and through the SIIM to gather data, reconfigure or even load new firmware into to instrument.  


As part of a plug-and-work mechanism, the SIIM will communicate with the MARS system to inform the system what instrument is being plugged in.  It will also communicate power requirements to the MARS power system. 

Assumptions and Dependencies

It is assumed that the MARS node shall provide an adequate ground-fault detection system for accurately determining faults on the science ports.  It is assumed that if a fault exists along a science port extension cable, the entire cable, associated SIIM and instrument shall be retrieved for further inspection.


It is assumed that any software developed for the shore-side data system will be compatible with that developed for the SIIM, and that further refinement of the two subsystems may be required for complete compatibility as the two are interdependent.  


Delivery of full power through the SIIM to an instrument is dependent on the MARS node LV power subsystem.  The SIIM cannot generate more power than what is delivered to it by the LV power subsystem.  It is assumed that the power drain of the SIIM itself will be an acceptable amount relative to what is available from the LV subsystem.

 
It is assumed that there may be an external serial ADC, and other electronics, required for interface to analog instruments.  It is also assumed that there may be additional external components required for interface with USB, IEEE-1394 and inductive based instruments.


It is assumed that a SIIM will be located very close to it’s associated instrument.  

Specific Requirements

	Absolute Reference: SIIM.01 (SIIS 6.2.1)
	Source: Gene Massion

	Requirement:SIIM shall interface to MARS science node using following signals in an ODI wet-mateable connector:
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	Priority: High
	Performance: 
	Urgency: 

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria:  Ability to talk directly to SIIM from shore station after plugging SIIM into MARS science port.  Need ODI connector P/N.


	Absolute Reference: SIIM.02 (SIIS 6.5.2)
	Source: Gene Massion

	Requirement:  Two SIIMS shall be capable of communicating and providing timing over 100km, 10km and 5km extension cables via fiber optic and copper power.  

	Priority: High
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Communications and timing shall be verified over extension cables between SIIMs, with one SIIM being plugged into a MARS science port.


	Absolute Reference: SIIM.03 (SIIS 6.7)
	Source: Gene Massion

	Requirement:  The SIIM shall provide a managed method for translation between fiber optic signaling and copper signaling

	Priority: High
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Communications shall be verified over a 5km extension cable between SIIMs, with one SIIM being plugged into a MARS science port.


	Absolute Reference: SIIM.04
	Source: Gene Massion

	Requirement:  SIIM shall translate between RS-232 instrument and science port Ethernet

	Priority: High
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Ability to talk to RS-232 based instrument plugged into MARS science port from shore station


	Absolute Reference: SIIM.05
	Source: Gene Massion

	Requirement:  SIIM shall translate between RS-485 instrument and science port Ethernet

	Priority: High
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Ability to talk to RS-485 based instrument plugged into MARS science port from shore station


	Absolute Reference: SIIM.06
	Source: Gene Massion

	Requirement:  SIIM shall translate between RS-422 instrument and science port Ethernet

	Priority: High
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Ability to talk to RS-422 based instrument plugged into MARS science port from shore station


	Absolute Reference: SIIM..07
	Source: Gene Massion

	Requirement:  SIIM shall be capable of providing any voltage from +3.3VDC to +400VDC to an attached science instrument.  

	Priority: High
	Performance: 
	Urgency:

	Stability: Needs work (power rating?)
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Either by design or physical testing, demonstrate that SIIM will provide specified voltages after being plugged into MARS science port.


	Absolute Reference: SIIM.08
	Source: Gene Massion

	Requirement:  SIIM must be capable of storing internally, and then transferring to shore, a method to parse it’s attached instrument’s data-stream as well as meta-data describing the instrument and it’s associated data-stream.  “Plug-and-work”

	Priority: High?
	Performance: 
	Urgency:

	Stability: Not sure?
	Verifiability:
	Ownership: Systems Engineering

	Acceptance Criteria:  When an instrument and it’s associated SIIM are attached to a MARS science port, the instruments data-stream flows into the shore-side data system.  How to deal with “communicating directly with the instrument from shore”


	Absolute Reference: SIIM.09
	Source: Gene Massion

	Requirement:  System DR3.7.2.1  All custom circuit card assemblies (CCAs) shall be fabricated in a facility with an approved fabrication process.  Acceptable processes are ISO900X, Military standard fabrication facilities or NASA qualified fabrication facilities.  Other facilities with documented quality processes may be used upon approval of the MARS System Engineer


	Priority: Medium
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: System Engineering

	Acceptance Criteria:  All CCA’s shall come with documentation showing fabrication and assembly compliance


	Absolute Reference: SIIM.10
	Source:  Gene Massion

	Requirement: System DR3.7.1.2 Appropriate electro-static discharge procedures shall be used at all times.

	Priority: Medium
	Performance: 
	Urgency:

	Stability: Needs work
	Verifiability:  ???
	Ownership:  Systems Engineering

	Acceptance Criteria:  Need clarification of “appropriate” ESD procedures.  Suggest a specific standard be followed.  Also need clarification of in-situ ESD standards.  How to deal with ESD after fabrication/assembly

From Gene: IPC 810, 310 Class II


	Absolute Reference: SIIM.11
	Source:  Gene Massion

	Requirement: System DR3.7.1.1 An equipment log shall be maintained for each piece of commercial equipment used on MARS.  This log shall include all procurement information and a log of all activities associated with the equipment.  As a minimum this shall include incoming inspection report, the time the equipment is powered on and off, how the equipment is used during the on time, the physical location of the equipment at all times and each time any equipment covers are removed.  

	Priority:  Medium
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Any commercial assemblies used in the SIIM will have paperwork that will be submitted to the project’s commercial equipment files.  


	Absolute Reference: SIIM.12
	Source: Gene Massion

	Requirement: System DR3.7.2.2 An equipment log shall be maintained for each CCA used on MARS.  This log shall include all procurement information and a log of all activities associated with the equipment.  As a minimum this shall include incoming inspection report, the time the CCA is powered on and off, how the CCA is used during the on time, the physical location of the CCA.  

	Priority:  Medium
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Any custom assemblies used in the SIIM will have paperwork that will be submitted to the project’s custom equipment files.  


	Absolute Reference: SIIM.13
	Source: Gene Massion

	Requirement:  DR3.7.3       Shock and Vibration 
–Wet end components (assemblies) shall remain fully functional after being subjected to the following shock and vibration loads: 50g x 17 ms, 3 cycles axial and radial; 100g x 6 ms, 3 cycles axial and radial; 1.5g x 10-200 Hz, 7 cycles axial and radial; 1.66g rms x 10-500 Hz, 1 hour cycle axial and radial. -- Requirement extracted from: "Qualification Test Specification for Deep Water Trunk Cable Slimline Joint," QTC 5017, British Telecommunications PLC, 1994
•The MIL-STD-XXX drop from 1 meter onto concrete is also reasonable

	Priority:
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Compliance can be achieved with analysis and/or comparison with equivalent hardware.  We are not planning on S&Ving the deployed hardware


	Absolute Reference: SIIM.14
	Source: MOBB  & IODP user cases

	Requirement: The SIIM shall pass NTP timing information to an Ethernet instrument maintaining 10ms accuracy or better timing

	Priority: Low
	Performance: 
	Urgency: Low

	Stability: Acuracy number shifting between 1us and 1ms
	Verifiability: Yes
	Ownership: Science or sys eng?

	Acceptance Criteria:  Timing output from SIIM plugged into MARS science port can be checked against GPS receiver for accuracy better than 10us.  


	Absolute Reference: SIIM.15
	Source: MOBB user case

	Requirement:  Provide at least 3W to a 12V instrument

	Priority: Medium
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Plug in a 3W dummy load across the +12V terminals of a SIIM


	Absolute Reference: SIIM.16
	Source: MOBB user case

	Requirement:  Provide a method for a science user on shore to communicate directly with instrument.  (Telnet to instrument?)

	Priority:
	Performance: 
	Urgency:

	Stability: Medium
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria:  Demonstrate ability to communicate directly with serial instrument  plugged into SIIM from shore 


	Absolute Reference: SIIM.17
	Source: Andy Maffei (MARS PDR)

	Requirement:  Provide transparent translation between serial and Ethernet between instrument and backbone

	Priority: High
	Performance: 
	Urgency:

	Stability: Medium
	Verifiability: Somewhat
	Ownership: Systems Engineering

	Acceptance Criteria: Does this mean that the user can query a logical  “MARS serial port” like /dev/mars01?  What does “transparent” mean exactly


	Absolute Reference: SIIM.18
	Source: Gene Massion

	Requirement:  System DR3.1.1.5  The science instrument interface subsystem (SIIS) shall provide all functions necessary for science instruments to effectively interface with the system.

	Priority: High
	Performance: 
	Urgency:

	Stability: Medium
	Verifiability: not really
	Ownership: Systems Engineering

	Acceptance Criteria: Need to clearly define “all functions”


	Absolute Reference: SIIM.19
	Source: Gene Massion

	Requirement:  SIIM shall be capable of passing through the following power to an instrument:

· 400V @ 22.5A (9000W) (23.3A connector capacity)

· 48V @ 25A (1200W) (27.1A connector capacity)

	Priority: Medium
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Dummy loads may be used to verify this capability


	Absolute Reference: SIIM.20
	Source:  Keith Raybould

	Requirement: provide 12V and pass through 48V & 400V to instrument

	Priority: High
	Performance: 
	Urgency:

	Stability: Medium
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Measure voltage output of SIIM, within ???%


	Absolute Reference: SIIM.21
	Source: MOBB user case

	Requirement: Provide GPS-like RS-232-level PPS timing to instruments 

	Priority: Low
	Performance: 
	Urgency:

	Stability: Medium
	Verifiability: Somewhat
	Ownership:

	Acceptance Criteria: “RS-232 level” is unspecific. 


	Absolute Reference: SIIM.22
	Source: Lance McBride

	Requirement: Depth rating of at least 1000m at the end of the MARS cable.  

	Priority: High
	Performance: 
	Urgency:

	Stability: Unstable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria:  The real requirement is deeper than 900m due to extension cabling


	Absolute Reference: SIIM.23
	Source: Gene Massion

	Requirement: Provide the ability to distinguish between extension cable failure and instrument cable failures.  Provide the ability to isolate faults.  

	Priority: High
	Performance: 
	Urgency:

	Stability: Low
	Verifiability: Low
	Ownership: Systems Engineering

	Acceptance Criteria:  Need to identify failure modes first


	Absolute Reference: SIIM.24
	Source: Wayne Radochonski

	Requirement: The SIIM must implement SNMP release 1.  

	Priority: Medium
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: The SIIM must be managed by an on-shore SNMP management tool such as ???? after being plugged into a MARS science node.


	Absolute Reference: SIIM.25
	Source: Mark Chaffey

	Requirement: The SIIM shall provide isolated serial communications to instruments when the SIIM is located more than 3m away from the instrument, or if the instrument uses more than 2A.   

	Priority: Low
	Performance: 
	Urgency:

	Stability: Medium
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: This feature may be demonstrated by design.  Need better resistance data on cable and connectors for high current instruments.  May not be a factor.


	Absolute Reference: SIIM.26
	Source: Gene Massion

	Requirement:  The SIIM shall not provide isolated power to an instrument.  Nor shall it in any way interfere with the MARS node GF mechanism.  

	Priority: High
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: The design shall demonstrate that it does not provide isolated power or a duplicate GF mechanism.


	Absolute Reference: SIIM.27
	Source: IODP user case

	Requirement:  The SIIM shall not interfere with the transmission of encrypted data between it’s associated instrument and the shore.  

	Priority: Low
	Performance: 
	Urgency:

	Stability: Medium
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Pass encrypted data from the shore through a SIIM on a science port.


	Absolute Reference: SIIM.28
	Source: NSF proposal & VEMAS-1 notes

	Requirement: Do nothing to inhibit capability for 100km, or 10km, extension cable in 5km lengths

	Priority: High
	Performance: 
	Urgency:

	Stability: Stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Device shall function over 100km 10km and 5km extension cables to MARS node science port.


	Absolute Reference: SIIM.29
	Source: NSF proposal

	Requirement: Provide a method of multiplexing multiple instruments to a single MARS node science port

	Priority: Medium
	Performance: 
	Urgency:

	Stability: Not stable
	Verifiability: Yes
	Ownership: Systems Engineering

	Acceptance Criteria: Verify that multiple instrument may be plugged into a SIIM


